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PROCESS FOR THE PRODUCTION OF MONO > OLEFINS 
The present Invencion relates to a process for the production 
o f mono - o le f ins . 

Olefins such as ethylene and propylene are extremely valuable 
industrial products both as monomers for homo- and co-polymer 
5 production and as a basic starting material for the production of 
other desirable chemicals. Such olefins may be obtained through 
various processes which include the steam cracking of hydrocarbons 
such as naphtha and liquid petroleum gas feedstocks or through the 
dehydrogenation of paraffinic hydrocarbons. 
10 European patent applicacion 0332289 discloses a method for the 

production of mono-olefins which involves the partial oxidation of 
paraffinic hydrocarbons . Gaseous paraffinic hydrocarbons are mixed 
with a molecular oxygen -containing gas and contacted with a catalyst 
capable of supporting combustion beyond the fuel rich limit of 
15 f lanmability . The process, hereinafter described as autothermal 

cracking provides an efficient and cost-effective method of producing 
mono- olefins with yields being in excess of that obtained through the 
conventional steam cracking technology. 

The aforementioned process is successful for gaseous 
20 hydrocarbon feeds such as ethane, propane or butane. The process is 
equally applicable to liquid hydrocarbons such as naphtha, gas oil or 
vacuum gas oil. The liquid hydrocarbons, however, are commonly 
preheated and partially vaporised prior to entering the reaction 
chamber, thus requiring an additional step in the process. A problem 
25 associated with vaporisation of liquid hydrocarbons is that the 
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conditions, e.g. high cemperacure , required co achieve vaporisacion 
of heavier feeds may cause cracking of the hydrocarbons. 
Additionally, complete vaporisation is difficult to achieve and 
consequently a fine film of liquid can form on the catalyst which can 
5 reduce catalyst activity. 

Attempts to overcome the aforementioned problem fall into two 
general categories. Firstly, additional oxygen may be used to 
promote the combustion and to raise the temperature of the catalyst. 
This, however, results in a decrease in the yield of olefins. 
10 Alternatively, greater heat may be applied. In addition to the 
problem of cracking of the hydrocarbons , additional pre-heat may 
result in flashback or autoignition generating a flame at the 
fuel/oxygen mixing point. This type of flame generates very high 
flame temperatures and may result in carbon formation and thus a 
15 decrease in the yield of olefins. 

We have now developed a method for the production of mono- 
olefins using partial oxidation of hydrocarbons which can 
successfully convert both gaseous and liquid paraffinic hydrocarbons. 
Liquid hydrocarbons can be fed directly into the reactor wherein the 
20 heat from the subsequent reaction pre -heats and at least partially 
vaporises the liquid prior to contact with the combustion catalyst. 
Accordingly, the present invention provides a process for the 
production of mono-olefins from a hydrocarbon feed comprising one or 
c ce paraffins having at least two carbon atoms, the process 
25 comprising partial combustion of a mixture of the hydrocarbon feed 
and a molecular oxygen- containing gas in contact in a reaction 
chamber with a catalyst capable of supporting combustion beyond the 
normal fuel rich limit of flammability to produce heat of reaction, 
the reaction chamber being adapted such that at least part of the 
heat of reaction is transferred to the incoming feed, and the 
velocity of the incoming feed is maintained at a value above the 
burning velocity of the feed mixture. 

The present invention provides the advantage that the mono- 
olefinic hydrocarbons may be produced more efficiently through the 
35 auto thermal cracking of either gaseous or liquid paraffinic 



30 



10 



wo 94/04632 PCT/CB93/01 741 



hydrocarbons. The process of the present invention is particularly 
suitable for liquid hydrocarbons. Heat generated within the reaction 
chamber by combustion of a proportion of the hydrocarbon feed is 
sufficient to support the cracking reactions thus eliminating the 
need for external heating supplies. Additionally, in the present 
invention, the arrangement of the reactor permits excess heat 
generated within the catalyst bed to pass through the wall of the 
reaction chamber to the inlet zone » thus heating and/or vaporising 
the incoming feed> 

The process of the present invention assists the vaporisation 
of liquids which boil above the autoignition temperature without 
causing a flashback to or autoignition at the mixing point. The 
hydrocarbon feed and oxygen containing gas are introduced into the 
reactor at a temperature below the autoignition temperature and fuel- 
15 oxygen mixing takes place. The heat of the reaction from the 

catalyst zone heats the feed mixture and vaporises a significant 
fraction of the liquid feed before the mixture reaches the catalyst. 

Conventionally, autothermal cracking is carried out by 
combustion of a hydrocarbon and an oxygen containing gas. With gas 
and liquid feeds, a sufficient amount of oxygen is required to 
maintain stable reaction conditions. In particular with liquid 
feeds, the temperature of the catalyst must be maintained at a level 
CO ensure sufficient vaporisation of residual liquid from the 
catalyst surface to prevent reduction of catalyst activity. This 
ability depends on the heat transfer efficiency within the reactor. 
The process of the present invention also utilises combustion of 
hydrocarbon and oxygen containing gas. Additionally, heat transfer 
from the reaction zone to the incoming reactants is improved, having 
the advantage that the amoxint of unvaporised liquid hydrocarbon 
reaching the catalyst is minimised, reducing loss of activity. Thus, 
for liquid feeds, an additional vaporising step is not necessary 
since these may be fed directly into the reactor, the heat of 
reaction being sufficient to fully, or at least partially, vaporise 
the liquid hydrocarbons in situ. A further advantage is therefore 
that a greater proportion of hydrocarbon may be fed into the reactor 
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in liquid form wichouc extinguishing catalyst activity. Furthermore, 
less oxygen is required to maintain stable reaction conditions, in 
particular the catalyst bed temperature and thus the process may be 
operated at a greater hydrocarbon to oxygen ratio. Consequently, 
5 less of the hydrocarbon is required to undergo combustion to generate 
heat for the cracking reactions, with the additional advantage that 
concentrations of carbon oxides in the product stream are reduced. 

The process of the present invention is carried out in a 
reactor having a reaction chamber entered through an inlet zone and 
10 exited through an outlet zone. The reaction chamber accommodates a 
catalyst which is capable of supporting f lammability . Suitably the 
reaction chamber surrounds or is surrounded by the inlet zone such 
that there is a common wall between both zones enabling the transfer 
of the heat of the reaction from the catalyst bed to the reactants. 
Alternatively, the reaction chamber may be situated at the end of the 
inlet zone, the incoming feed being pre-heated or vaporised as it 
enters the chamber. It is preferred that the walls of the reaction 
chamber and the inlet zone are arranged in concentric circles. In a 
preferred embodiment of the reactor suitable for xise in the process 
of the present invention, the inlet zone will form a tube or central 
channel running through the centre of the reaction chamber and 
opening into the catalyst chamber at the end of the reactor opposite 
to the reactant inlet. Alternatively, the walls of the inlet zone 
and the reaction chamber may be arranged to form parallel adjacent 
25 channels, again there being a common wall between the two zones . It 
is preferred that the gases passing through the inlet zone and the 
reaction chamber move in muttially opposed directions. 

The reactor of the present invention may comprise a single 
reaction chamber or may comprise a multiplicity of reaction chambers, 
the reaction chambers being arranged in a matrix. 

The process of the present invention is for the production of 
mono-olefins from a hydrocarbon feed comprising paraffins. The feed 
may comprise gaseous hydrocarbons, liquid hydrocarbons or a mixture 
thereof. The process is especially suitable for liquid hydrocarbons. 
Suitable gaseous hydrocarbons are ethane, propane, butane, or 
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mixtures chereof. Suitable liquid hydrocarbons may include paraffin 
containing hydrocarbons such as naphtha, gas oil. vacuum gas oil 
refinery residues, atmospheric residues, vacuum residues or mixtures 
of liquid hydrocarbons as found in crude or fuel oils. 

Additional feed components may be included, if so desired. In 
particular, hydrogen may be fed with the hydrocarbon feed into the 
reaction chamber. The presence of hydrogen usually enables enhanced 
yields of olefins and reduces the formation of carbon dioxide and 
carbon monoxide. It will of course be understood that the effect of 
hydrogen will vary with the hydrocarbon feed. Additional gases such 
as carbon dioxide, methane, nitrogen, carbon monoxide or steam may be 
CO -fed into the reactant stream. 

Where the hydrocarbon feed is a liquid hydrocarbon, the feed 
may be passed directly into the reactor in the liquid state. The 
feed may be pre-heated if desired. Suitably, the additional co-fed 
gases such as hydrogen are mixed with the liquid feed. Suitably, the 
mixture is introduced into the reaction chamber as a fine spray of 
droplets such that vaporisation and homogeneous mixing may result. 
Any suitable means may be used for providing a fine spray of liquid. 
Suitably, the liquid may be passed through a nozzle. The size of the 
liquid droplets is suitably small to provide a fine spray of liquid. - 
It will of course be understood that small droplets provide a more 
efficient vaporisation. 

Suitably, the liquid hydrocarbon spray is directed towards the 
reaction chamber. The heat generated within the catalyst by the 
partial combustion of the hydrocarbon, the oxygen containing gas and, 
if desired, hydrogen gas, is transferred through the walls of the 
chamber to cause heating and vaporisation of the atomised liquid 
hydrocarbon and heating of the feed. 

The hydrocarbon feed is mixed with a molecular oxygen- 
containing gas. Suitably, the gas is oxygen, optionally diluted with 
an inert gas such as nitrogen. It is preferred to pre-mix the 
oxygen- containing gas and the paraffinic feed prior to contact with 
the catalyst. Suitably the amount of oxygen required for the process 
of the present invention is from 2 to 20Z, preferably 4 to 20Z of the 
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amount: required for complece combuscion Co carbon dioxide and wacer. 

The velocicy of Che hydrocarbon and oxygen- con caining gas 
mixture encering the reaccion chamber muse be maintained at a value 
above the burning velocicy of the feed mixture. This is especially 
5 applicable to flammable mixtures i.e. a feed mixture which can 

propagate a flame freely within a limited range of compositions. It 
will of course be understood by the person skilled in the art that 
the gas velocicy will vary for different hydrocarbon feeds, pre-heat 
temperature and stoichiometry . Typically, che velocity of the feed 

10 mixture may be suitably greater than 0.5ms' ^, preferably greater than 
Ims'^. For the purposes of the present invention, velocity is the 
velocity of the gas through the inlet zone and burning velocity is 
defined as the measure of unbumt gas velocity at the point of first 
temperature rise in a flame, perpendicular to the flame front. 

15 The hydrocarbon feed and oxygen- containing gas is contacted 

with a catalyst which is capable of supporting combuscion. The 
principle role of the catalyst is to stabilise partial combustion of 
the gaseous mixture which may not otherwise be flammable. 

Suitably, the catalyst is a supported platinum group metal. 

20 Preferably, the metal is either platinum or palladium or a mixture 
thereof. Although a wide range of support materials are available, 
it is preferred to use alumina as the support. The support material 
may be in the form of spheres, other granular shapes or may be a 
continuous multichannel ceramic structure, eg a foam. A preferred 

25 support for the catalyst is a gamma alumina coated lithium aluminium 
silicate foam. The support is loaded with a mixture of platinum and 
palladium by conventional methods well known to those skilled in the 
art. The resulting compound is then heat treated to 1200*C before 
use in the process of the present invention. Optionally the compound 

30 may be reduced prior to use as a catalyst. It is preferred to use 
the catalyst as a fixed bed. 

The process of the present invention may suitably be carried 
out at a temperature of greater than 600**C, preferably greater than 
700**C, especially in excess of 750*'C. The upper temperature limit 

35 may be suitably 1200*^0, preferably 1100**C, especially 1000**C. 
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The hydrocarbon feed and the oxygen- containing gas may be pre- 
heated prior CO contact with the catalyst. Where the paraffinic 
hydrocarbon is a gaseous paraffin such as ethane or propane, the 
gases may be suitably preheated to 200-500**C either prior to mixing 
5 with the oxygen- containing gas or after mixing. Where the paraffinic 
hydrocarbon is a liquid, the hydrocarbon may be heated prior to 
mixing with the molecular oxygen containing gas. 

The gaseous feed mixture may be introduced into the reaction 
chamber under a gas hourly space velocity of suitably greater than 
10 3000 hr'^ in order to minimise the formation of carbon oxides. 
Preferably, the gas hourly space velocity exceeds 10000 hr"^» 
especially greater than 100000 hr*^. It will of course be understood 
that the optimum gas hourly space velocity will depend upon the feed 
and the pressure. For the purposes of the present invention, gas 
15 hourly space velocity is defined as: 

GHSV - volume of total feed at NTP 
Time x volume of catalyst bed 
The process may be carried out under atmospheric or elevated 
pressure. Where it is desired to use elevated pressure, suitably up 
to 30 bar. preferably up to 40 bar. most preferably up to 50 bar, it 
is preferred that the reaction products be quenched as they emerge 
from the reaction chamber to avoid further reactions taking place. 
Suitably, the reaction products are quenched within 50 milliseconds 
of formation. It will of course be understood that the time required 
25 for quenching the products will depend upon the reaction conditions 
such as temperature and pressure. 

Where elevated pressure is employed, the reaction products may 
be quenched using rapid heat exchangers of the type familiar in steam 
cracking technology. Also possible, either additionally or instead 
of the indirect heat exchangers, a direct quench may be suitably 
employed. Suitable quenching fluids include water and hydrocarbons. 
At the aforementioned temperature and pressure, some of the 
hydrocarbon quenching fluid may be cracked to provide additional 
olefinic products in the effluent stream. Such hydrocarbon quenching 
fluids are referred to as reactive quenching fluids. The amount of 
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quenching fluid and choice of fluid which may be usefully employed 
will depend upon che nemperacure of the effluent stream. Optionally, 
a second quenching fluid such as water may be employed if a 
hydrocarbon fluid is utilised in che process. 

The products of the process of the present invention are 
suitably ethene, propene, butenes and pencenes . In addition to these 
products, carbon monoxide, aromatic hydrocarbons as well as small 
amounts of methane, acetylenes, water, hydrogen and carbon dioxide 
may be produced. The products from the process of the present 
invention are preferably removed from the reaction chamber rapidly by 
a high gas flow. 

The invention will now be described by way of example with 
reference to Figures 1 and 2 and che following examples. 

Figure 1 shows a vertical section through a reactor for 
15 producing mono-olefins according to the present invention. Reactant 
feed is fed through an external inlet (1) and passed through a nozzle 
(2) into an inlet zone (3) surrounded by a reaction chamber (4) which 
accommodates a combustion catalyst. Products exit the reactor 
through an outlet zone (5) which is in the form of an annulus between 
the outer wall (6) of the reaction chamber (4) and the outer wall (7) 
of the reactor. The reaction chamber (4) is in the form of a 
cylinder with the inlet zone (3) located in the inner annulus. 

In use, che paraffinic hydrocarbon and oxygen are fed into the 
reactor through inlet (1). The reactants may be mixed either before 
or after passage through the nozzle (2) into the inlet zone (3). 
Heat generated from reaction in the catalyst bed is transferred 
through the common wall (8) to the inlet zone, thus heating the 
incoming reaccancs and at least partially vaporising the liquid 
hydrocarbons. The reactants are then carried through the inlet zone 
into the reaction chamber for cracking. 

Figure 2 shows a vertical section through an alternative 
embodiment. Reactant feed is fed through an external inlet (9) and 
passed through a nozzle (10) into an inlet zone (11) which precedes 
the reaction chamber (12) which accommodates the combustion catalyst. 
Products pass out of the reaction chamber (12) through an outlet zone 
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(13) which is in the form of annular channels between the outer wall 

(14) of the reaction chamber (12) and the outer wall (15) of the 
reactor. 

In use, the paraffin containing hydrocarbon and oxygen are fed 
5 into the reactor through inlet (9). The reactants may be mixed 

either before or after passage through the nozzle (10) into the inlet 
zone (11). Products are carried out of the reaction chamber (12) 
through an outlet zone (13). A portion of the heat contained in the 
product gas is transferred through wall (14) to heat the incoming 
10 feed. 

Example A - Preparation of Catalvst 

The lithium aluminium silicate foam support was obtained 
precoated with gamma alumina from Morgan Matroc pic. with a porosity 
of 30ppi. The foam was washed with a platinxim/palladium solution of 
tecraamine metal chloride salt, drawn through the support by vacuum, 
dried and finally calcined at 1200^*0 for 12 hours. The impregnation 
of the foam was controlled by monitoring the volume of solution 
absorbed by the foam to give a loading of 0.25wtZ in the final 
catalyst. 

Example B - Start -up Procedure at Atmospheric Pressure 

The following start-up procedure is employed when using a 
liquid feed which contains sulphur compounds. At low temperatures , 
sulphur compounds in a feed can poison the catalyst surface and 
prevent the reaction taking place. By initiating the reaction with a 
sulphur free feed such as ethane, the catalyst temperature is raised 
to a level where sulphur does not poison the catalyst. 

The Pt/Pd loaded ceramic foam catalyst was packed into the 
reaction chamber of the reactor. Ethane (1.71 litres per minute), 
hydrogen (1.8 litres per minute) and nitrogen (4 litres per minute) 
were passed into the reactor. Nitrogen was added as an internal 
standard for subsequent product analysis by gas chromatography and is 
not required for operation of the process of the present invention. 
Oxygen was added gradually until the catalyst temperature was seen to 
rise and continued until the nominal operating temperature of 900°C 
35 was reached. Ethane flow was then increased and if necessary, oxygen 
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flow increased to maintain the operating temperature. When the gas 
flows through the reactor were sufficiently high (greater than 10 
litres per minute), the temperature was allowed to equilibrate. 
Example C . Start-up Procedure at Elevated Pressure 

The following start-up procedure is employed for the process 
when using a liquid feed containing sulphur compounds and when 
carried out at elevated pressure. The Pt/Pd loaded ceramic foam 
catalyst was packed into the reaction chamber of the reactor. The 
pressure in the reactor was increased to 5 bar(g) with nitrogen. 
Echane (20 litres per minute), hydrogen (16 litres per minute) and 
nitrogen (21 litres per minute) were passed into the reactor. 
Nitrogen was added as an internal standard for subsequent product 
analysis by gas chromatography and is not required for operation of 
the process of the present invention. Oxygen was added gradually 
until the catalyst temperature was seen to rise and the oxygen, 
nitrogen and ethane flows were increased to give a catalyst 
temperature of approximately 750*C, ac the preferred gas velocity. 
The temperature was allowed to equilibrate and optionally hydrogen 
was removed. 
20 Example 1 - Erh gne/Vacuum Gas Oil Feed 

When the operating temperature had reached equilibrium as 
outlined in Example B. a small amount of liquid hydrocarbon (vacuum 
gas oil) was introduced into the reactor and passed through the 
nozzle. Ethane and oxygen flows were altered to maintain the 
25 required catalyst temperature. The liquid flow was then increased 
until the required feed rate and temperature were reached. The gas 
hourly space velocity was 19000 hr'^ and oxygen concentration was 
approximately 4.5Z of the amount of oxygen required for complete 
combustion to carbon dioxide and water, the process was operated at 
30 atmospheric pressure. 

Samples were extracted at temperatures of TSA^'C and 700^*0 and 
product analyses are shown in Table 1. Carbon/oxygen molar ratios of 
2 and 2.6 respectively were required to achieve these temperatures, 
representing very fuel rich mixtures. Selectivity to olefins of 
35 A7.7wtZC and 41.9wtZC respectively were obtained. 
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Exampl e 2 - Vacuum Gas Oil Feed 

The procedure of Example 1 was repeated until no ethane was 
present and vacuum gas oil was the sole hydrocarbon feed. The oxygen 
flow in this example was 12. 8Z of the amount required for complete 
5 combustion. A sample was extracted at 875**C and product analysis is 
also given in Table 1. Selectivity to olefin for the liquid 
hydrocarbon feed is 43.8wt%C. 
Example 3 Naphtha Feed 

When the operating temperature had reached equilibrium as 
10 outlined in Example C, a small amount of liquid hydrocarbon (naphtha) 
was introduced into the reactor and passed through the nozzle at a 
rate of 39 grams per minute. Ethane and oxygen flow were adjusted to 
maintain the required catalyst temperature. Ethane was gradually 
removed and the naphtha flow increased to 49.2 grams per minute while 
15 the oxygen flow was adjusted to maintain the catalyst temperature at 
the required level. The reactor pressure was maintained at 5 bar(g) . 
A sample was extracted at a catalyst temperature of 805* C under 
conditions detailed in Table 2. Selectivity to ol%finic products was 
42 wtZC. 
20 Comparative Example 1 

The procedure of Example 1 was repeated for an ethane/vacuum . 
gas oil feed using the autothermal cracking technology of European 
Application No. 0332289, The reactor contained the same catalyst as 
that of the reactor of the present invention (Pt/Pd loaded alumina 
25 washcoated lithium aluminium silicate foam) and was operated at a 

catalyst temperature of ISl^'C and 711*C. The process was operated at 
atmospheric pressure. Feed and product analyses are shown in Table 
3. Carbon to oxygen ratio for the process using the reactor as 
described in EP-A-0332289 were 1.2 and 1.3 thus indicating the 
30 conventional reactor requires relatively fuel lean mixtures to 
maintain a similar catalyst temperature. Temperatures of 
approximately 880**C were measured above the catalyst. Olefin 
selectivity in this example was determined to be 34.8 and 37.2 wtZC. 

It can therefore be seen that olefin selectivities for the 
process of the present invention are higher for liquid hydrocarbon 
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feed and over a more extensive range of stoichiomecries Chan for the 
knovm aucochermal cracking process. 
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Claims 

1- A process for the produccion of mono-olef ins from a hydrocarbon 
feed comprising one or more paraffins having at lease two carbon 
atoms, the process comprising partial combustion of a mixture of the 
hydrocarbon feed and a molecular oxygen- containing gas in contact in 
a reaction chamber with a catalyst capable of supporting combustion 
beyond the normal fuel rich limit of flammability to produce heat of 
reaction, the reaction chamber being adapted such that at least part 
of the heat of reaction is transferred to the incoming feed, and the 
velocity of the incoming feed is malncained at a value above the 
burning velocity of the feed mixture. 

2. A process according to claim 1 in which the reaction chamber 
surrounds or is surrounded by an inlet zone such that there is a 
common wall between said chamber and zone. 

3. A process according to claim 2 in which the reaction chamber 
15 and the inlet zone are arranged concentrically. 

4. A process according to claim 2 in which the inlet zone and 
reaction chamber are arranged to form parallel adjacent channels. 

5. A process according to any one of the preceding claims in which 
the hydrocarbon feed is a liquid paraffinic hydrocarbon. 

20 6. A process according to claim 5 in which the hydrocarbon feed is 
naphtha, gas oil, vacuiun gas oil, refinery residues, atmospheric 
residues, vacuum residues or mixtures of liquid hydrocarbons as found 
in crude or fuel oils. 

7. A process according to any one of the preceding claims in which 
the catalyst is a platinum group metal on a support. 
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8. A process according to claim 7 in which the support is alumina. 

9. A process according to claim 7 in which the platinum group 
metal is platinum or palladium or a mixture thereof. 

10. A process according to any one of the preceding claims in which 
5 Che composition of the hydrocarbon feed and the molecular oxygen- 
containing gas mixture comprises 2 to 202 of oxygen required for 
complete combustion to carbon dioxide and water. 

11. A process according to any one of the preceding claims in which 
the gas hourly velocity of the hydrocarbon feed is greater than 

10 3000 hr-^. 

12. A process according to any one of the preceding claims wherein 
the process is operated at a temperature of 600-1200**C and under a 
pressure of 1-50 bar. 
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